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Description 

[0001 ] The present invention relates to powder coatings and more particularly to opaquely pigmented or thick filmed 
ultraviolet (UV) radiation curable powder coatings that can be cured not only at the surface, but also down through the 

5 coating to the substrate. Full cure can be obtained despite the presence of opaque pigments or thick films that normally 
impede the penetration of radiation in the coating and, consequently, inhibit cure below the surface. This is accom- 
plished by incorporating a thermal initiator in the UV curable powder coatings together with the usual UV initiator. 
Surprisingly, the presence of a thermal initiator does not detract from the exceptional smoothness of the hardened film 
finishes. The dual thermal and UV curable powder coatings of the present invention are especially suited for coating 

10 over heat sensitive substrates, such as wood and plastic, since these coatings cure at faster speeds and/or lower 
temperatures, reducing the potentially damaging heat load on the substrate. 

[0002] Powder coatings, which are dry, finely divided, free flowing, solid materials at room temperature, have gained 
considerable popularity in recent years over liquid coatings for a number of reasons. For one, powder coatings are 
user and environmentally friendly materials, since they are virtually free of harmful fugitive organic solvent carriers that 
15 are normally present in liquid coatings. Powder coatings, therefore, give off little, if any, volatile materials to the envi- 
ronment when cured. This eliminates the solvent emission problems associated with liquid coatings, such as air pol- 
lution and dangers to the health of workers employed in coating operations. 

[0003] Powder coatings are also clean and convenient to use. They are applied in a clean manner over the substrate, 
since they are in dry, solid form. The powders are easily swept up in the event of a spill and do not require special 
20 cleaning and spill containment supplies, as do liquid coatings. Working hygiene is, thus, improved. No messy liquids 
are used that adhere to worker's clothes and to the coating equipment, which leads to increased machine downtime 
and clean up costs. 

[0004] Powder coatings are essentially 1 00% recyclable. Over sprayed powders can be fully reclaimed and recom- 
bined with the powder feed. This provides very high coating efficiencies and also substantially reduces the amount of 
25 waste generated. Recycling of liquid coatings during application is not done, which leads to increased waste and 
hazardous waste disposal costs. 

[0005] Despite their many advantages, powder coatings are generally not employed in coating heat sensitive sub- 
strates, such as wood and plastic. Heat sensitive substrates demand lower cure temperatures, preferably below 121 °C 
(250° F), to avoid significant substrate degradation and/or deformation. Lower cure temperatures are not possible with 
30 traditional heat curable powders. Unsuccessful attempts have been made to coat heat sensitive substrates with tradi- 
tional powders. 

[0006] For instance, when wood composites, e.g., particle board, fiber board, and other substrates that contain a 
significant amount of wood, are heated to the high cure temperatures required for traditional powders, the residual 
moisture and resinous binders present in the wood composites for substrate integrity are caused to invariably evolve 
35 from the substrate. Outgassing of the volatiles during curing results in severe blisters, craters, pinholes, and other 
surface defects in the hardened film finish. Furthermore, overheating causes the wood composites to become brittle, 
friable, charred, and otherwise worsened in physical and chemical properties. This is unacceptable from both a film 
quality and product quality viewpoint. 

[0007] Low temperature UV curable powders have recently been proposed for coating heat sensitive substrates. UV 
40 powders still require exposure to heat, which is above either the glass transition temperature (T g ) or melt temperature 
(T m ), to sufficiently melt and flow out the powders into a continuous, smooth, molten film over the substrate prior to 
radiation curing. However, the heat load on the substrate is significantly reduced, since UV powders are formulated to 
melt and flow out at much lower temperatures than traditional powder coatings, typically on the order of 93°C (200° F). 
Therefore, UV powders only need to be exposed to enough low temperature heat required to flow out the powders into 
45 a smooth molten film. 

[0008] Curing or hardening of UV powders is accomplished by exposing the molten film to light from a UV source, 
such as a mercury UV lamp, which rapidly cures the film. Since the crosslinking reactions are triggered with UV radiation 
rather than heat, this procedure allows the powder coatings to be cured more quickly and at much lower temperatures 
than traditional heat curable powders. 
50 [0009] Another significant advantage of UV curable powders is that the heated flow out step is divorced from the UV 
cure step. This enables the UV powders to completely outgas substrate volatiles during flow out and produce excep- 
tionally smooth films prior to the initiation of any curing reactions. Accordingly, the film finishes created with UV powders 
are known to have extraordinary smoothness. 

[0010] One drawback is that opaque pigmentation of UV curable powders is known to be problematic. Opaque pig- 
55 ments inherently absorb, reflect, or otherwise interfere with the transmittance of UV light through the pigmented coating, 
and, consequently, impede the penetration of UV light into the lower layers of the pigmented film during curing. Pig- 
mented UV powders, when cured, can still provide exceptionally smooth film finishes with good surface cure properties, 
including good solvent resistance. However, pigmented UV powders are not able to be adequately cured down through 
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the film to the underlying substrate. As a result, pigmented UV powder coatings exhibit poor through cure properties, 
including poor pencil hardness, poor adhesion, and poor flexibility. Clear UV powder formulations which are applied 
as thicker films greater than about 51 u,m (2 mils) present similar curing problems. Most UV curable powder coatings 
produced today are formulated as thin clear coats for wood and metals without pigmentation. 

5 [0011] EP Publication No. 0 636 669 A2 to DSM, N.V. dated Feb. 1 , 1995 discloses UV or electron beam radiation 
curable powder coatings which can be applied to heat sensitive substrates, such as wood, e.g., medium density fiber 
board, and plastic. The UV powders of EP 0 636 669 A2 contain: a) an unsaturated resin from the group of (semi) 
crystalline or amorphous unsaturated polyesters, unsaturated polyacrylates, and mixtures thereof, with unsaturated 
polyesters derived from maleic acid and fumaric acid being especially preferred; b) a crosslinking agent selected from 

10 an oligomer or polymer having vinyl ether, vinyl ester or (meth) aery late functional groups, with vinyl ether functional 
oligomers being especially preferred, such as divinyl ether functionalized urethanes; and, c) a photoinitiator for UV or 
electron beam radiation cure, in which the the equivalent ratio of polymer unsaturation to crosslinker unsaturation is 
preferably 1:1. However, the UV powders of EP 0 636 669 A2 are practically limited to being formulated as unpigmented, 
i.e., clear, coatings, as demonstrated in Example 1 . A similar clear coat UV powder based on an unsaturated polyester, 

is an allyl ether ester crosslinker, and a hydroxyketone photoinitiator is disclosed in Example 2 of International Publication 
No. WO 93/19132 to DSM, N.V. dated September 30, 1993. 

[0012] K.M. Biller and B. MacFadden (Herberts Powder Coatings), UV-Curable Powders: A Marriage Of Compliant 
Coatings, Industrial Paint & Powder, pp. 22-25 (July 1996) and K.M. Biller and B. MacFadden (Herberts Powder Coat- 
ings) UV-Curable Powder Coatings: The Perfect Marriage of Compliant Coatings, Radtech North America 1 996 Con- 
20 ference, pp.437-445 (April 28-May 2, 1996), suggest the incorporation of special solid UV initiators which are designed 
to activate despite the presence of various pigmentations. Presumably, these special UV initiators have some ability 
to absorb UV light at wavelengths above the reflectance of the pigments. 

[0013] F.M. Witt and E.S. de Jong (DSM, N.V.), Powder Coatings On Heat Sensitive Substrates, presented at the 
DSM, N.V. seminar held in Amsterdam (27-28 March 1996), disclose that some success has been achieved in the 

25 laboratory with pigmented UV curable powder coating formulations based on a binder which comprises a blend of: a) 
an unsaturated polyester resin, e.g., an unsaturated polyester derived from maleic acid; and, b) a vinyl ether function- 
alized polyurethane crosslinking agent. This binder is similar to that described in the aforementioned EP 0 636 669 
A2. In these formulations, a special class of UV photoinitiators especially suited for pigmented UV coatings are used, 
e.g., bis-acylphosphineoxides and a 75/25 blend of a hydroxyketone (Irgacure 1 84) and bis-acylphosphineoxide, which 

30 is now available as Irgacure 1800 from Ciba-Geigy Corporation. Pigmented formulations with varying amounts of pig- 
ments between 5 and 20 wt.% are applied electrostatically to medium density fiber board at a layer thickness of 100 
microns. Yet, although sufficient hiding is achieved with pigment loadings at 1 5 wt.% and 20 wt.% pigment, the pendulum 
hardness and, consequently, the through cure is not fully developed shortly after UV curing, which is undesirable. 
[0014] The state of the powder coating art, therefore, is that opaquely pigmented or thick filmed UV curable powder 

35 coatings cannot be fully cured with UV light. 

[0015] U.S. Pat. 4,753,817 to Meixner et al. discloses opaquely pigmented liquid UV radiation curable coatings for 
application to wood, wood-like materials and films of plastic. Such pigmented liquid UV paints are made by incorporating 
hydroperoxide thermal initiators alongside the UV photoinitiators in liquid resins derived from copolymerizable mono- 
mer-free air-drying unsaturated polyesters. The inclusion of the hydroperoxides in the liquid UV formulation is said to 

40 improve the cure at the lower layers of the coating that can not be penetrated by UV radiation due to the opacity of the 
pigments. The liquid paints also contain other essential ingredients not found in powder coatings, including plasticized 
colloidal cotton, e.g., nitrocellulose, siccatives to promote air-drying, and also volatile organic solvents to adjust the 
processing viscosity for liquid applications, e.g., toluene, xylene, isopropanol, and butyl acetate. These pigmented UV 
liquids are first applied to the substrate in liquid form, next pregelled at temperatures of 49 to 79°C (120°F to 175°F), 

45 and then hardened under UV radiation. There is nothing in Meixner et al. that provides any indication that solid com- 
positions could be made that are suitable as powder coatings. 

[0016] In addition, the liquid UV coatings of Meixner et al. have a number of other shortcomings. For example, the 
UV liquids contain organic solvents, which generate physiologically and environmentally harmful solvent emissions 
during drying. As previously mentioned, powder coatings are essentially solventless and nonpolluting substances. The 

so UV liquids also have pot lives only up to 5 hours, which is rather short. This would not be a suitable system for a powder 
coating which must not advance for several weeks at room temperature, especially in a reclaim powder coating booth. 
Also, cure for the Meixner et al. system occurs between 49 and 79°C (120 to 175°F). At such temperatures, significant 
pregelation or even curing during extrusion would result with a powder coating, which, in turn, would cause processing 
difficulties as the powder would take a set in the extruder, leading to excessive extruder downtime and expensive clean 

55 out costs. The UV liquids are based on lower molecular weight polyester resins, which are highly reactive liquids at 
room temperature that cure without crosslinkers. Typical polyester powder coatings require resins with higher molecular 
weights or higher T g 's for the material to remain solid at room temperature, which tends to reduce the reactivity of the 
resin and require a crosslinker. Also, the UV liquids containing lower molecular weight species would be expected to 
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transport more readily into biological tissues. If improperly handled, the highly reactive UV liquids could be transported 
through the skin of an individual and poisonously affect physiological functions. The use higher molecular weights 
species in powder coatings reduces handling problems and reduces the risk of invasion into biological tissues. 
[0017] Moreover, the liquid UV coatings of Meixner et al. do not require an initial melt and flow out step in order to 

5 form a smooth film over the substrate, as required with UV powders, since these coatings are liquids at room temper- 
ature and inherently flow out as smooth films when poured. Therefore, incorporation of a thermally activated peroxide 
cure component in a liquid UV coating is not problematic from a film quality standpoint. However, the inclusion of a 
thermal peroxide cure component in a UV powder coating would be expected to produce coatings having poor flow 
out behaviour and, consequently, poor film qualities. Conventional wisdom would lead one to expect that the addition 

10 of a thermal cure component to a UV curable powder would cause pregelation during the heated flow out step and 
cause undesirable surface roughness, such as orange peel or low gloss, in the hardened film finish, detrimentally 
affecting the film quality and aesthetic appearance of the coating. Blisters, craters, pinholes, and other surface defects 
would also be expected to be visually evident on the surface of the hardened film. Additionally, significant pregelation 
in the extruder during melt blending the powder ingredients would be expected when using a thermal initiator, causing 

15 processing difficulties as the powder blend would begin to cure and take a set in the extruder, which would lead to 
considerable extruder down time and increased clean out costs. 

[0018] What is needed is an opaquely pigmented and/or thick filmed UV curable powder coating composition that is 
suitable for coating heat sensitive substrates, especially wood, wood composites, and plastic, and that can be fully 
cured through the incorporation of a thermal initiator alongside the usual UV initiator without detracting from the ex- 
20 ceptional smoothness of the hardened film finish. 

[0019] The present invention consists in a dual thermal and ultraviolet curable powder coating composition, which 
is a composition in solid particulate form that comprises a melt blend of: 

a) an unsaturated film-forming base resin; 
25 b) optionally a second ethylenically unsaturated resin co-polymerizable with said base resin; 

c) a photoinitiator selected from benzoin ethers, benzyl ketals, 2-hydroxy-2-methyl-1 -phenylpropan-1-one, 4-(2-hy- 
droxyethoxy) pheny 2-hydroxy-2-propyl ketone, acyl phosphines, aryl ketones, perfluorinated diphenyl titanocene, 
2-methyl-l-[4-(methylthiophenyl)-2-(4-morpholinyl)] -1 -propanone, hydrogen abstraction free radical type initiators, 
cationic photoinitiators, a-sulfonyloxy ketone and silyl benzyl ethers, in an amount of 0.1 to 1 0 phr and sufficient 

30 to effect free-radical induced curing of the composition through the unsaturated groups using UV radiation after 

melting and flowing of the composition into a substantially continuous coating film, and 

d) a thermal initiator in an amount of 0.1 to 10 phr sufficient to thermally assist free-radical induced curing of the 
composition without significant pre-gelling thereof during melt-blending, such that said composition is flowable at 
temperatures of 71 to 121 °C (160 to 250°F) and is curable, both on the surface and through, into a hardened 

35 coating film when exposed to sufficient thermal and UV radiation. 

[0020] By means of this invention, there can be provided an opaquely pigmented or thick filmed powder coating that 
can be fully cured upon exposure to UV radiation despite the presence of opaque pigments and/or thick films, both of 
which normally inhibit cure in the coating, through the incorporation of a M dual n cure system, i.e. combination thermal 
40 initiator and UV photoinitiator, in the powders, wherein the UV initiator cures the surface, while the thermal initiator 
cures the lower layers near the substrate, yet without detracting from the exceptional smoothness of the hardened film 
finish obtained on the surface. 

[0021] The dual thermal and UV curable powder coatings that have exceptional smoothness comparable to traditional 
UV powder coatings also have improved through cure properties, including improved adhesion to the substrate, com- 

45 pared to traditional UV curable powder coatings. 

[0022] The dual thermal and UV curable powder coatings of the invention have relatively low cure temperatures and/ 
or rapid cure speeds for safe curing on heat sensitive substrates without damaging or worsening the substrate. 
[0023] The present inventors have discovered that the use of dual cure initiators, i.e., a UV initiator along side a 
thermal initiator, in the powder coatings will give not only excellent surface cure to the film finish, but also superior 

so through cure in the film down to the underlying substrate, while still obtaining exceptional smoothness and desired 
glossiness in the surface finish. It is quite surprising that the cured powder coating of this invention remains so smooth. 
Conventional wisdom would lead one to expect that the addition of a thermal cure component to UV curable powders 
would cause pregelation during the melt and flow out step and, in turn, cause roughness on the surface, such as orange 
peel or low gloss. Surprisingly, the hardened film finishes produced from powder coatings of this invention are at least 

55 as exceptionally smooth as those produced from traditional UV curable powders, while also being fully cured through- 
out. 

[0024] One preferred powder coating composition in accordance with the invention is a blend of: a) an unsaturated 
resin selected from unsaturated polyesters, unsaturated polyacrylates, unsaturated polymethacrylates, and mixtures 
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thereof; b) optional second co-polymerizable resin crosslinker having a functional group selected from vinyl ether, 
acrylate, meth aery late, and allyl ester groups, and mixtures thereof; c) a photoinitiator selected from photorytically 
activated free radical generating compounds; d) a thermal initiator selected from thermally activated free radical gen- 
erating compound, such as peroxides, azo compounds, and mixtures thereof; e) an opacifier selected from pigments, 

5 fillers, and mixtures thereof; and, f) optional catalyst, wherein the composition can be fully cured, both on the surface 
and throughout, on a heat sensitive substrate upon exposure of sufficient heat to melt and flow out the powder into a 
smooth molten film and to activate the thermal component of the cure, followed by exposure of the molten film to 
sufficient UV radiation to activate the ultraviolet component of the cure and to form a fully cured smooth hardened film. 
[0025] Throughout this specification, all parts and percentages specified herein are by weight unless otherwise stat- 

10 ed. 

Base Resins 

[0026] The dual, thermal and UV, curable powder coatings of this invention are primarily based on unsaturated film- 
's forming polymer resins, such as unsaturated polyester resins, unsaturated polyacrylate or polymethacrylate resins, 
and/or mixtures thereof. 

[0027] The unsaturated polyester resins useful herein are ethylenically unsaturated condensation reaction products 
of one or more aliphatic or cycloaliphatic di- or polyfunctional alcohols, or mixtures thereof, and one or more aliphatic, 
cycloaliphatic, or aromatic di- or polyfunctional carboxylic acids, or mixtures thereof. The carboxylic acids can also be 
20 used in their corresponding anhydride form. Corresponding lower alkanol esters are also useful for esterification. Small 
amounts of monof unctional alcohols and monof unctional carboxylic acids or esters thereof may be present for polyester 
chain termination purposes. Although unsaturation may be supplied by the alcohol, typically the acid is unsaturated 
and the alcohol is saturated. Saturated acids can also be present to reduce the density of ethylenic unsaturation in the 
polyester. 

25 [0028] Examples of suitable unsaturated di- and polyfunctional carboxylic acids that are useful herein include maleic 
anhydride, fumaric acid, citraconic anhydride, itaconic acid, endo-cis-bicyclo[2,2,1]-5-heptene-2,3-dicarboxylic acid, 
1,4,5,6 l 7,7-hexachlorobicyclo(2,2,1]-5-heptene-2 l 3-dicarboxylic acid (chlorenedic acid), mesaconic acid, dimeric 
methacrylic acid, and methylbicyclo[2,2,1]-heptene-2,3-dicarboxylic acid. Maleic anhydride, fumaric acid or mixtures 
thereof are most preferred. It should be understood that whether acids, anhydrides, or lower alkanol esters are listed 

30 here, any of these forms are contemplated for use herein. 

[0029] Examples of suitable saturated diacids or polyacids that are useful herein in combination with a substantial 
proportion of an unsaturated diacid, include tetrachiorophthalic acid, tetrabromophthalicacid, phthalic anhydride, adipic 
acid, tetrahydrophthalic acid, isophthalic acid, terephthalic acid, trimellitic acid, azeleic acid, sebacic acid, dimethyl- 
terephthalate, dimethylisophthalate, succinic acid, dodecanedicarboxylic acid, hexahydrophthalic acid, hexaclorooc- 

35 tahydromethanonaphthalene dicarboxylic acid, malonic acid, glutaric acid, oxalic acid, pimelic acid, suberic acid, and 
pyromeliitic anhydride. 

[0030] Examples of suitable monoacids that can be used herein to terminate the polyester chain, include linoleic 
acid, linolenic acid, geranic acid, dehydrogeranic acid, sorbic acid, heptatri-1 ,3,5-ene-1 -carboxylic acid, nonatetra- 
1,3,5,7-ene-1 -carboxylic acid, other fatty acids of vegetable oils, abietic acid, methacrylic acid, and, benzoic acid. 

40 [0031] Examples of suitable diols useful herein include ethylene glycol, diethylene glycol, triethylene glycol, 1 ,2-pro- 
pylene glycol, 1 ,3-propylene glycol, 1 ,4-dimethoxy cylcohexane, 1 ,2-butylene glycol, 1 ,3-butyiene glycol, 1 ,4-butylene 
glycol, 1 ,2-cyclopentanediol, 1 ,3-cyclopentanediol, 1 ,4-cyclopentanediol, 1 ,2-cyclohexanediol, 1,3-cyclohexanediol, 
1 ,4-cyclohexanediol, 1 ,4-cyclohexanedimethanol, 4,4'-methylene-bis(cyclohexanol), 4,4'-isopropylidene-bis(cy- 
clohexanol), 1,3-bis(hydroxymethyl)cyclohexane, 1 ,3-bis(hydroxyethyl) cyclohexane, 1 ,3-bis(hydroxypropyl) cy- 

45 clohexane, 1 ,3-bis(hydroxyisopropyl) cyclohexane, xylene glycol, bisphenol A, hydrogenated bisphenol A, bisphenol 
A/propylene oxide adducts, hydroquinone/propylene oxide adducts, hydroquinone/ethylene oxide adducts, neopentyl 
glycol, 1 ,6-hexanediol, 2,2,4-trimethyM ,3-pentanediol, 1 ,3-isobutanediol, 1 ,2-isobutanediol, 2,3-butanediol, and 
2-butenediol(1,4). 

[0032] Examples of polyols having 3 or more hydroxyl functional groups that are useful herein in small amounts to 
50 form branched polyesters, include glycerol, trimethylolpropane, pentaerythritol, allyl ether polyols, polyalkylene glycol 
ethers, 1,1,1-trimethylol ethane, sorbitol, mannltol, diglycerol, and dipentaerythritol. 

[0033] Instead of or in addition to the alcohol, epoxy compounds, such as ethylene oxide and propylene oxide, can 
be used. 

[0034] Preparation of the unsaturated polyester can be carried out with standard techniques well known in the art. 
55 For instance, a two step process may be employed. In the first step, saturated or unsaturated glycols and acids are 
heated in the presence of an esterification catalyst, such as a tin catalyst, e.g., monobutyl tin oxide, stannous octoate, 
and monobutyl tin dilaurate, or acid catalyst, e.g., p-toluene sulfonic acid, methane sulfonic acid, and sulfuric acid, at 
204 to 249°C (400°F to 480° F) for 2 to 24 hours under nitrogen sparge and reacted to a given acid number or hydroxyl 
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number while collecting water formed by esterification. The resultant esterified prepolymer is cooled to 160 to 199°C 
(320°F to 390°F). Glycol loss is measured by refractive index and the lost glycol is added, if needed. Then, in the 
second step, unsaturated or saturated glycols and acids are charged to the reaction vessel again under nitrogen sparge. 
The reaction mixture is heated to 1 77 to 232°C (350°F to 450° F) for 2 to 8 hours and reacted to a given acid number, 
5 viscosity and amount of water, if appropriate. The resultant resin is then inhibited with hydroquinone or other substituted 
phenolic derivative inhibitor. 

[0035] Unsaturated polyesters resins can also be prepared in a single step by heating saturated and unsaturated 
polycarboxylic acids with polyols and esterification catalyst, such as stannous oxide, under nitrogen sparge to 160 to 
249°C (320°F to 480°F) for 1 to 24 hours. The water of esterification is collected to measure the reaction. The glycol 
10 loss is again measured and glycol is added, if needed. The reaction is run to the appropriate acid or hydroxyl number 
and viscosity. 

[0036] The unsaturated polyester resins can be crystalline, (semi)crystalline, or amorphous. Crystalline and (semi) 
crystalline unsaturated polyesters are generally preferred over amorphous unsaturated polyesters, since stable powder 
coatings with lower melt viscosity and better flow can be prepared more easily therefrom. 
15 [0037] It is known in the art that certain monomers used in the polycondensation reactions impart crystallinity to the 
unsaturated polyesters. For example, dihydric alcohol monomers that are known to promote crystallinity include eth- 
ylene glycol, 1 ,4-butanediol, neopentyl glycol, and cyclohexanedimethanol. Dicarboxylic acid monomers that are known 
to promote crystallization include terephthalic acid and cyclohexane dicarboxylic acid. 

[0038] The preferred unsaturated polyesters useful herein have a long shelf life without cold flow at temperatures 
20 substantially above room temperature up to 49°C (120°F) and have a glass transition temperature (T g ) or melt tem- 
perature (T m ) below the desired flow temperature required for preservation of heat sensitive substrates, preferably 
from 71 to 1 21 °C (1 60°F to 250°F). 

[0039] The preferred unsaturated polyesters have a molecular weight ranging between 400 and 10,000, more typi- 
cally 800 to 6,800, and, preferably, between 2,000 and 4,500. 
25 [0040] The unsaturated polyesters preferably have a degree of unsaturation between 2 and 20 wt. % unsaturation, 
and, preferably, between 4 and 1 0 wt.% unsaturation. 

[0041 ] Whether the polyester is carboxylic acid-f unctionalized or hydroxy l-f unctionalized depends upon the -COOH/ 
-OH molar ratio of the monomer mix. If the unsaturated polyester is hydroxyl-f unctionalized, then the hydroxyl number 
of the polyester is generally between 5 and 100, and, preferably, between 9 and 50. If the unsaturated polyester is 
30 acid-functionalized, then the acid number of the polyester is generally between 1 and 80, and, preferably, between 9 
and 50. 

[0042] Preferably, the unsaturated polyesters are solid resins at room temperature or above, so that they can be 
easily formulated into nonsintering powders. If the resins are liquids, they should be converted to powder form and, 
thus, be counted as a solid by absorption onto inert silica-type filler materials, such as fumed silica, before use, as is 
55 well known in the art. 

[0043] Exemplary unsaturated polyester formulations useful herein are further specified in the working examples. 
[0044] The unsaturated acrylate and methacrylate resins useful herein include polymers containing unreacted acr- 
ylate or methacrylate groups in the main chain or side chain. The unsaturated acrylate or methacrylate polymers are 
the reaction products of one or more solid functional polymers having reactive functional groups with one or more co- 

40 polymerizable monomers having co-reactive functional groups capable of reacting with the functional groups of the 
polymer, with at least one of the functional polymer or co-polymerizable monomer also containing an acrylate or meth- 
acrylate group available for final curing of the resin. The unsaturated acrylate or methacrylate polymer obtained in the 
aforesaid reaction may be an acrylated epoxy, acrylated urethane, acrylated polyether, or acrylated polyester resin, or 
their corresponding methacrylates. 

45 [0045] The polymers containing unreacted acrylate or methacrylate groups in the side chains can prepared by stand- 
ard techniques well known in the art. For instance, a two step process may be employed. In the first step, a solid 
functional polymer is formed using standard polymerization techniques. For example, the polymer formed in step one 
can be a functionalized acrylate or methacrylate polymer. 

[0046] Suitable monomers which are commonly used to fomri the backbone of such functionalized acrylate and meth- 
50 acrylate polymers, include methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, n-butyl acrylate, 
n-butyl methacrylate, isobutyl acrylate, isobutyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, and the 
like. In addition, suitable amounts of functional monomers are co-polymerized during polymerization to obtain the func- 
tionalized polymer. Acid-functional acrylate or methacrylate polymers can be formed from acid-functional monomers, 
such as acrylic acid and methacrylic acid. Hydroxyl-functional acrylate or methacrylate polymers can be formed from 
55 hydroxyl-functional monomers, such as 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate, 3-hydroxypropyl 
methacrylate, 3,4-dihydroxybutyl methacrylate. Epoxy-functional acrylate or methacrylate polymers can be formed 
from epoxy-functional monomers, such as gfycidyl methacrylate, 2,3-epoxybutyl methacrylate, 3,4-epoxybutyl meth- 
acrylate, 2,3-epoxycyclohexyl methacrylate, and 10,11-epoxyundecyl methacrylate. Isocyanate-functional polymers 
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can also be formed from isocyanate functional monomers, such as meta-isopropenyl-a.ct-dimethylbenzylisocyanate 
(TMI). 

[0047] The functional polymers formed in step one that will be reacted with bi-functional acrylate or methacrylate 
monomers can also be other types of solid resins, other than acrylates or methacrylates, having acid, hydroxyl, epoxy 
s or isocyanate functional groups, for example, epoxidized bisphenol A resins or acid, hydroxyl, or isocyanate function- 
alized polyester resins. 

[0048] In the second step, a reaction is carried out between the unreacted functional groups of the solid functional 
polymer formed in step one with a co-polymerizable monomer having both a co-reactive functional group capable of 
reacting with the reactive functional groups of the functional polymer and an unsaturated acrylate or methacrylate 
10 group available for final curing of the resin. Any one of the fu notional ized acrylate or methacrylate monomers listed 
above can serve as this bi-functional co-polymerizable monomer. 

[0049] The reaction is carried out by dissolving the above formed solid functional polymer in an appropriate solvent 
for the polymer, such as butyl acetate, and then adding the bi-functional co-polymerizable monomer having pendent 
acrylate or methacrylate unsaturated groups in a stepwise manner at elevated temperatures between, for example 66 

15 and 1 49°C (1 50°F to 300° F), until substantial completion of the reaction. This reaction can also be done without solvent 
by heating the reactants above their melting points. For example, in the second step an acid-functional acrylate or 
methacrylate polymer can be reacted with a compound having an epoxy group, such as an epoxy-containing acrylate 
or methacrylate monomer, e.g., glycidyl methacrylate, to form a methacrylated polyester. An isocyanate-f unctional 
polymer, e.g., TMI, can likewise be reacted with a hydroxy-functional acrylate or methacrylate monomer, such as 2-hy- 

20 droxyethyl methacrylate, to form an acrylated urethane. 

[0050] Resins containing acrylate or methacrylate groups in the main chain can be prepared by reacting epoxy-, 
carboxyl-, hydroxyl-, or isocyante-containing resins with bi-functional acrylate or methacrylate monomers having func- 
tional groups co-reactive with the aforesaid functionalities. For example, an epoxy-f unctional polymer, such as polyg- 
lycidyl methacrylate or epoxidized bisphenol A resin, can be reacted with a monomer having acid group, such as acrylic 

25 acid or methacrylic acid. In this reaction, the heat must be closely monitored to assure that the acrylic acid does not 
polymerize. In addition, an acid-functional polyester, such as one prepared from neopentyl glycol, ethylene glycol, 
adipic acid and isophthaiic acid, can be reacted with a bi-functional acrylate or methacrylate compound having epoxy 
groups, such as glycidyl methacrylate. Also of note is the reaction of acrylic or methacrylic acid with an alcohol or 
hydroxyl functional polyester at elevated temperatures to form a polyester with acrylate functionality. 

30 [0051] The unsaturated group left in the polymer for final curing of the powder coating need not be an acrylate or 
methacrylate group, although an unsaturated acrylate or methacrylate unsatu ration is most preferred. It is also possible 
to form other solid resins having allyl, vinyl, vinyl ether, and styryl functionalities. For example, a hydroxyl functional 
polyester resin, such as one made with neopentyl glycol, 1 ,4-cyclohexane dimethanol, terephthalic acid and adipic 
acid, can be reacted with TMI, to form a styryl-f unctional resin. 

35 [0052] The unsaturated acrylated or methacrylated polymer would be used similarly to the unsaturated polyester 
resin in this portion of the formulation. The T g , molecular weight, and % unsaturation range would be similar to that 
used for the unsaturated polyesters. The % unsaturation in this case will be governed by the amount of acrylate or 
methacrylate in the polymer. Whereas the % unsaturation in the polyester is governed by the maleic or fumaric content 
of polyester. 

40 [0053] The acrylate or methacrylate polymer resins are capable of crosslinking without an additional crosslinking 
agent, although crosslinkers may be used with such formulations. 

[0054] Preferably, the unsaturated polyacrylate and polymeth acrylate resins are solids at room temperature or above, 
so that they can be easily formulated into nonsintering powders. If the resins are liquids, they should be converted to 
powder form and, thus, be counted as a solid, by absorption onto inert silica-type filler materials, such as fumed silica, 
45 before use, as is well known in the art. 

[0055] Exemplary unsaturated acrylate or methacrylate polymer formulations useful herein are further specified in 
the working examples. 

Crosslinkers 

50 

[0056] The unsaturated polyester resins useful herein work best in combination with copolymerizable second resins 
having ethylenic unsaturation and preferably having two sites of unsaturation per molecule. These second resins are 
used in the composition as crosslinkers for the base resin. Most preferred is a predominance of monomers or prepol- 
ymers that are solid at room temperature or above, so that they can be easily formulated into nonsintering powders. 
55 [0057] The co-polymerizable second resins or crosslinkers useful herein are preferably oligomers or polymers having 
vinyl ether, acrylate or methacrylate, or allyl ester groups, with an oligomer or polymer having vinyl ether groups being 
most preferred. 

[0058] The co-polymerizable second resins having vinyl ether groups are preferably composed of vinyl ether func- 
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tionalized urethanes, for example, a divinyl ether urethane based on the reaction product of a diisocyanate, such as 
hexamethylene diisocyanate, and a hydroxy l-functional vinyl ether, such as hydroxybutyl vinyl ether. Other suitable 
hydroxyl-f unctional vinyl ethers include hydroxyethyl vinyl ether and trimethylene glycol monovinyl ether. Other suitable 
diisocyanates include isophorone diisocyanate, methylene diisocyanate, methylenebiscyclohexylisocyanate, trimeth- 
5 ylhexamethylene diisocyanate, hexane diisocyanate, hexamethyl diisocyanate, hexamethylamine diisocyanate, meth- 
ylenebiscyclohexyl isocyanate, toluene diisocyanate, 1 ,2-diphenylethane diisocyanate, 1 ,3-diphenylpropane diisocy- 
anate, diphenylmethane diisocyante, dicyclohexylmethyl diiscoyanate, and other isocyanate prepolymers and terpol- 
ymers. Functional prepolymers derived from these diisocyanates, such as urethane trimers, uretdiones, isocyanurates, 
and biurets can also be used. 

10 [0059] The functionalized vinyl ethers can be obtained in a conventional manner. For example, vinyl ether urethanes 
are usually prepared by reacting a hydroxy l-functional vinyl ether with a multi-functional isocyanate-containing mono- 
mer or polymer in solvent, such as methylene chloride, under a nitrogen atmosphere, at temperatures between about 
ambient and 125°C. Additional reference can be made to U.S. Pat. 4,751 ,273 to Lapin et al. for the preparation of vinyl 
ether functionalized urethanes, Examples of vinyl ether urethanes are sold under the trade names Uralac resins by 

is DSM Resins and Vectomer Oligomers and Diluents by Allied Signal. 

[0060] Preferably, vinyl ether urethane prepolymers that are non-crystalline solids at room temperature or higher are 
used so that they can easily be formulated into non-sintering powders. These non-crystalline solid materials can be 
obtained by reacting a non-crystallizing diisocyanate monomer, such as isophorone diisocyanate with a crystallizing 
or non-crystallizing polyol, such a neopentyl glycol, and then reacting the isocyanate urethane adduct obtained with a 

20 hydroxy vinyl ether, such as 4-hydroxybutyl vinyl ether, or otherwise by reacting a non-crystallizing aliphatic polyiso- 
cyanate, such as isophorone diisocyanate trimer, with a hydroxy vinyl ether, such as 4-hydroxybutyl vinyl ether. The 
reactions are typically carried under a nitrogen atmosphere, in the presence of tin catalyst, such as dibutyltin dilaurate, 
at temperatures not above about 100-110°C. Due to the polymeric nature of the so prepared vinyl ether urethanes, 
powder coatings based on the same exhibit improved flexibility and adhesion to the substrate after curing. Also, such 

25 higher molecular weight materials are relatively safer to handle and have lower toxicities than traditional vinyl ether 
urethane curing agents. For a further description of such non-crystalline solid vinyl ether curing agents, reference can 
be made to the U.S. Patent Application of Navin B. Shah and Andrew T. Daly entitled Solid Vinyl Ether Terminated 
Urethane Curing Agent, filed this same day, which disclosure is incorporated by reference herein in its entirety. 
[0061] The co-polymerizable second resins having acrylate or methacrylate groups are preferably composed of 

30 dimethacrylate functionalized urethanes, for example, based on diisocyanate, such as hexanediisocyanate, and a 
hydroxy l-functional methacrylate, such as hydroxyethyl methacrylate. Other isocyanates can be used as well such as 
those listed above. In addition, other suitable hydroxy I -functional methacrylates include hydoxypropyl methacrylate 
and other hydroxy alkyl methacrylates. This material can be reacted the same as the vinyl ethers above. 
[0062] The co-polymerizable second resins having allyl ester groups are preferably composed of hydroxy functional 

35 allyl esters, for example, based on the esterification reaction product of allyl alcohol and phthalic anhydride, which 
forms diallyl phthalate. Examples of suitable allyl functionalized oligomers, include diallyl phthalate prepolymers, iso- 
diallyl phthalate prepolymers, p-diallyl phthalate prepolymers, diallyl maleate, trialtyl cyanurate, diallyl chlorendate 
methacrylamide, and triallylisocyanurate. 

[0063] If the co-polymerizable second resin is a liquid or a sticky powder and is used in sufficient quantities that the 
40 resultant melt blended powder coating composition is not adequately free flowing, then this coreactant can be absorbed 
on an inert filler, such as fumed silica, and thus be counted as a solid within the preferred scope of this invention. 
Except in small quantities up to about 5 wt. % of the powder coating composition, these liquids species are much less 
preferred than solid co-reactants due to sintering problems. 

[0064] The relative amounts of unsaturated polymer base resin to unsaturated copolymerizable second resin pro- 
45 vided in the powder coating compositions of this invention depend in part on the choice of materials. For instance, 
when the resin is an unsaturated polyester and the second resin crosslinker is a vinyl ether functionalized compound, 
the equivalent ratio of polyester unsaturation to vinyl ether unsaturation is between 90:10 and 10:90, and, preferably 
about 50:50. When the resin is an unsaturated polyester and the second resin crosslinker is an allyl ester functionalized 
compound, the equivalent ratio of polyester unsaturation to allyl ester unsaturation is between about 99:1 and 1:99, 
50 and, preferably, between 70:30 and about 95:5. When the resin is a acrylate or methacrylate polymer, it is preferred 
to not use a crosslinker. 

[0065] Exemplary crosslinker formulations useful herein are further specified in the working examples. 
UV Photoinitiators 

55 

[0066] UV photoinitiators that are incorporated in the powder coating compositions to impart a radiation activated, 
rapid, and low temperature cure to the powder are well known in the art. Examples of suitable photoinitiators, which 
are known as alpha cleavage free radical photoinitiators, include benzoin derivatives, for example, benzoin ethers, 
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such as isobutyl benzoin ether and benzyl ketals, such as benzyl dimethyl ketal, 2-hydroxy-2-methyl-1-phenylpropan- 

1- one and 4-(2-hydroxyethoxy) phenyl-2-hydroxy-2-propyl ketone. Others include acyl phosphines, such as 2,4,6-tri- 
methylbenzoyl diphenylphosphine oxide. Aryi ketones can also be used, such as 1 -hydroxycyclohexyl phenyl ketone, 

2- benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butan-1 -one, 2,2-dimethoxy-2-phenylaceto-phenone, mixture of 
benzophenone and 1 -hydroxycyclohexyl phenyl ketone, pert luorinated diphenyl titanocene, and 2-methyl-1 -(4-(methy1- 
thiophenyl)-2-(4-morpholinyl))-1-propanone. 

[0067] Hydrogen abstraction free radical type photoinitiators can be used in combination with the above or alone 
such as Michler*s ketone (4,4'-bisdimethylamino benzophenone), Michler*s ethyl ketone (4,4 , -bisdiethylamino benzo- 
phenone ethyl ketone), benzophenone, thioxanthone, anthroquinone, d.l-camphorquinone, ethyl d,l-camphorquinone, 
ketocoumarin, anthracene, or derivatives thereof, 

[0068] Cation ic polymerization, especially with vinyi ether containing crosslinkers, can proceed via cationic cure 
using cationic photoinitiators. Major classes of cationic photoinitiators are diaryliodonium salts and copper synergists, 
such as diphenyl iodonium hexafluorophosphate, dibenzyl iodonium hexaf louroarsinate and copper acetate, triarylsul- 
fonium salts, such as triphenyl sulphonium hexafluorophosphate, triphenyl sulphonium tertafluoroborate. Dialkylphen- 
acyl- sulfonium salts, ferrocenium salts, such as cyclopentadienyl iron(ll) hexafluorophosphate, alpha-sulfonyloxy ke- 
tone, and sityl benzyl ethers can be used as well. 

[0069] Preferably, the photoinitiators used herein are solids. If liquid initiators are used, however, preferably they are 
absorbed on solid carriers, such as fumed silica, prior to incorporation in the powder coating compositions of this 
invention. 

[0070] The amount of photo initiator used in the powder coating composition of the present invention ranges between 
0.1 and 10 parts per hundred resin (phr), and preferably between 1 and 5 phr. 

[0071] Exemplary photoinitiator formulations useful herein are further specified in the working example. 

[0072] Reference can also be made to EP 0 636 669 A2 to DSM, N.V. for further examples of the aforementioned 

base resins, crosslinkers, and phototnititiators, which disclosure is incorporated by reference herein in its entirety. 

Thermal Initiators 

[0073] The thermal initiators useful in the powder coating compositions of this invention are free radical generating 
compounds, preferably peroxides and azo initiators. Examples of suitable peroxide initiators, include diacyl peroxides, 
such as 2-4-diclorobenzyl peroxide, diisononanoyl peroxide, decanoyl peroxide, lauroyl peroxide, succinic acid perox- 
ide, acetyl peroxide, benzoyl peroxide, and diisobutyryl peroxide, acetyl alkylsulfonyl peroxides, such as acetyl cy- 
clohexylsulfonyl peroxide, dialkyl peroxy dicarbon at es, such as di(n-propyl)peroxy dicarbonate, di(sec-butyl)peroxy di- . 
carbonate, di(2-ethylhexyl)peroxy dicarbonate, diisopropylperoxy dicarbonate, and dicyclohexylperoxy dicarbonate, 
peroxy esters, such as alpha-cumylperoxy neodecanoate, alpha-cumylperoxy pivalate, t-amyl neodecanoate, t-amylp- 
eroxy neodecanoate, t-butylperoxy neodecanoate, t-amylperoxy pivalate, t-butylperoxy pivalate, 2,5-dimethyl-2,5-di 
(2-ethylhexanoylperoxy)hexane, t-amylperoxy-2-ethyl hexanoate, t-butylperoxy-2-ethyl hexanoate, and t-butylperoxy 
isobutyrate, azobis {aikyi nitrile) peroxy compounds, such as 2,2'-azobis-(2,4-dimethylvaleronitrile), azobisisobutyroni- 
trile, and 2,2 , -azobis-(2-methylbutyronitrile); t-butyl-peroxymaleic acid, I.V-azobis-fl-cyclohexanecarbonitrile). 
[0074] Other thermal initiators, include peroxy ketals, such as 1 ,1 -di(t-butylperoxy)-3,3,5-trimethylcyclohexane, per- 
oxy esters, such as o,oM-butyl-o-isopropyl monoperoxy carbonate, 2,5-dimethyl-2,5-di(benzoylperoxy) carbonate, o, 
o'-t-butyl-o-(2-ethylhexyl)-monoperoxy carbonate, t-butylperoxy acetate, t-butylperoxy benzoate, di-t-butyldiperoxy 
azelate, and di-t-butyldiperoxy phthalate, dialkylperoxides, such as dicumyl peroxide, 2,5-dimethyl-2,5-di(t-butylper- 
oxy)hexane, t-butyl cumyl peroxide, di-t-butyl peroxide, and 2 l 5-dimethyl,2,5-di(t-butylperoxy)hexyne-3, hydroperox- 
ides, such as 2,5-dihydroperoxy-2,5-dimethyl hexane, cumene hydroperoxide, t-butyl hydroperoxide and t-amyl hy- 
droperoxide, ketone peroxides, such as n-butyl-4,4-bis-(t-butylperoxy)valerate, 1 ,1-di(t-butylperoxy)-3,3,5-trimethylcy- 
clohexane, 1,V-di-t-amyl-peroxy cyclohexane, 2, 2-di (t-butylperoxy) butane, ethyl-3, 3-d i(t-butylperoxy)buty rate, and 
blend of t-butyl peroctoate, and 1,1-di(t-butylperoxy)cyclohexane. 

[0075] Also included are o.o'-t-alkyl-o-alkylmonoperoxy carbonates, such as o,o'-t-butyl-o-isopropyl monoperoxy car- 
bonate, p,p'oxybis(benzene sulfonyl) hydrazide, and accelerated azocarbonamide. 

[0076] Preferably, the thermal initiators used herein are solids. If liquid initiators are used, however, preferably they 
are absorbed on solid carriers, such as fumed silica, prior to incorporation in the powder coating compositions of this 
invention. 

[0077] The amount of thermal initiator used in the powder coating composition of the present invention ranges be- 
tween 0.1 and 10 phr, and, preferably, between 1 and 6 phr. 

[0078] Exemplary thermal initiator formulations useful herein are further specified in the working examples. 
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Catalysts 

[0079] It sometimes may be desirable to include a catalyst in the powder coatings to increase rate of crosslinking. 
As catalysts, metal compounds based on a fatty acid or oil may incorporated in the powders. Examples of suitable 

5 metals are cobalt, manganese, lead, copper, and vanadium. Cobalt-containing compounds, especially cobalt acids, 
for example, cobalt octoate, cobalt neodecanoate, cobalt naphthenate, and cobalt octadecanoate, are preferred. The 
metal-containing compounds provide improved cure, especially in thermal peroxide initiated cure systems. Through a 
redox process, the metal catalysts tend to decompose hydroperoxides created by oxygen inhibition near the coating 
surface. Amines, such as, for example, dimethylaniline, may also be used as the catalyst. 

10 [0080] Such compounds, if used, are preferably employed in amounts of less than 1 .0 phr, and typically in the range 
between about 0.1 and 0.5 phr. 

Opaclfiers 

15 [0081] The powder coating compositions of this invention can be opacified or pigmented without diminishing the 
through cure properties. Examples of suitable pigments useful herein, include carbon black, Shepard black No. 1, 
titanium dioxide white, chromium oxide green, zinc oxide, iron oxide yellows, reds, browns and blacks, such as ferrite 
yellow oxide, ferric oxides, raw sienna and burnt sienna, lead chromate, copper phthalonitrile blue, phthalocyanine 
blues and greens, ultramarine blue, toluidine red, parachlor red, cadmium reds and yellows, phthaloorganamine blues 

20 and greens, iron blues and organic maroons, Especially useful are lower reflecting pigments such as anatase titanium 
dioxide, zinc sulfide, and the mixed metal oxide pigments, such as manganese ferrite black, chromium green black 
hematite, cobalt aluminate blue spinel, copper chromite black spinel, and sodium alumina sulfosilicate. Also possible 
with this technology are metallics made with aluminum, mica, or brass. 

[0082] Fillers may also be used to opacify or lower the gloss of the powder coating without diminishing the through 
25 cure properties. Examples of suitable fillers useful herein, Include silica, such as fumed silica, glass frit, flour, calcium 
carbonate, barium sulfate, mica, ammonium chloride, ammonium bromide, boric acid, antimony trioxide, fumed alumi- 
na, clays such as kaolin, china clay, talc, lithopone, zinc sulfide, lead titanate, zirconium oxide, white lead, barium 
oxide, calcium oxide or hydroxide, magnesium oxide or hydroxide, chalk, asbestos, ceramic, hollow glass, resin mi- 
crospheres, pearl essence, barytes, diatomaceous earth, aluminum trihydrate, onyx flour, calcium silicate and mixed 
30 silicates. In general, the amount of pigments, fillers and opacifiers used in the powder coating composition of the 
present invention ranges between 0.1 and 100 phr, and, preferably, between 1 and 60 phr. However, loadings can vary 
depending on the desired opacity of the dry film. 

Other Ingredients 

35 

[0083] In addition to the aforementioned components, the powder coating composition of this invention may also 
contain conventional powder coating additives, such as gloss control aids, powder flow aids, leveling agents, disper- 
sants, anticratering agents, stabilizers and other standard materials. 

[0084] Gloss control agents such as polyethylene waxes, oxidized polyethylenes, polyamides, teflons, polyamides 

40 may be used in a formulation to adjust or obtain a lower gloss coating. 

[0085] Preferred powder flow aids that may be employed in the powder coating of this invention are acrylic or silicone 
flow aids, which are composed of acrylic or silicone resins, respectively. The acrylic resins are generally liquids which 
have been converted to powder form by absorption onto silica-type materials. An example of an acrylic flow aid is sold 
under the trade name Resiflow P67 by Estron Chemical, which is a 2-propenoic acid, ethyl ester polymer. Examples 

45 of other suitable acrylic flow aids are acrylic resins sold under the trade name BYK 352 and BYK 300 by BYK Chemie. 
When used, the powder flow aid is generally provided in an amount between 0.1 and 6 phr, and, preferably, between 
0.7 and 1 .5 phr, in the thermosetting powder coating compositions of this invention. 

[0086] Dry flow additives are normally employed, such as fumed silica or alumina oxide, to reduce the tendency to 
cake or block during transportation or use. An example of a fumed silica is sold under the trade name Cab-O-Sil by 
50 Cabot Corporation. An example or an aluminum oxide is sold under the trade name Aluminum Oxide C by Degussa 
Corporation. When used, the dry flow additive is generally provided in an amount between 0.05 and 0.5 phr, and, 
preferably, between 0.1 and 0.3 phr. 

[0087] Outgassing or anticratering aids can be used in these formulations to reduce or eliminate bubbles or trapped 
gas from the substrate or coating. Typical outgassing aids include, benzoin (2-hydroxy-1 ,2-diphenylethanone) and its 
55 analogs, and ptasticizers, such as low molecular weight phenoxies and phthalates. When used, the outgassing aid is 
generally provided in an amount between 0.1 and 15 phr, and, preferably, between 1 and 5 phr. 
[0088] UV stabilizers are also commonly used to improve weathering, such as UV absorbers and hindered amine- 
or hindered phenol-like stabilizers. When used, the UV stabilizers are generally provided in an amount between 0.1 
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and 5 phr, and, preferably, between about 1 and 3 phr. 
Powder Preparation 

5 [0089] The powder coatings of this invention are prepared by conventional techniques employed in the powder coat- 
ings art. Typically, the components of the powder coating formulation are thoroughly blended together by medium to 
high intensity mixing until the mixture is homogeneous and dry, and then melt blended, preferably in an extruder. Any 
ingredients which are liquid at the mixing temperature can optionally be absorbed onto a dry substrate which may 
constitute one of the other ingredients of the mixture. Melt blending is generally carried out in the temperature range 

io of between 71°C (160°F) and 149°C (300°F), and, preferably, between 82°C (180°F) and 121°C (250°F), with careful 
control of the extruder temperature to minimize any curing and gelation from taking place in the extruder. Extrusion 
with a supercritical fluid, such as supercritical C0 2l may be desirable with powders containing crystalline materials. 
The extruded composition, usually in sheet form after cooling substantially to room temperature, is broken into chips 
and then ground in a mill to a powder, while carefully controlling the temperature between -1 08°C (-1 60° F) (cryogenic) 

*5 and 32°C (90°F), and, preferably, between -1 8°C (0°F) and 24°C (75°F), and then subsequently screened to achieve 
the desired powder particle size, typically having an average particle size of about 30 urn 

[0090] The prepared powder coatings of this invention exhibit the following properties: long shelf life at temperatures 
preferably up to 32°C (90°F), ability to flow out at relatively low temperatures preferably between 71°C (160°F) and 
121°C (250° F), relatively low flow viscosity; ability to be fully cured throughout, especially at the lower layers near the 
20 substrate, despite the presence of opaque pigments or thick films, ability to form exceptionally smooth films having the 
desired glossiness despite the presence of a thermal initiator; rapid cure; together with desirable other properties, such 
as good flexibility, adhesion, hardness, scratch resistance, etc. 

Coating Method 

25 

[0091] First, the powder coatings of this invention are applied in dry, free flowing, solid powder form over the substrate 
to be coated. Preferably, powders are sprayed onto the substrate by well known electrostatic powder spray techniques, 
such as corona discharge or triboelectric electrostatic spray techniques. 

[0092] Next, the powders are exposed to only enough heat to melt, level and flow out the powders into a continuous 
30 molten film having the desired smoothness, and activate the thermal component of the cure. Heating may take place 
in either infrared (IR) or convection ovens, or a combination of both. 

[0093] The applied powders of this invention become molten at sufficiently low temperatures and form smooth films 
at very rapid speeds, so as not to cause damage to a heat sensitive substrate. The powder flow temperature is relatively 
low, preferably between 71°C (160°F) and 121°C (250°F), and it preferably takes only between about 5 and 190 

35 seconds for the powder to adequately flow out as a smooth, continuous, uniform, molten film over the substrate. The 
flow viscosity is also sufficiently low, for example, between about 100 and 4,000 cone and plate, which allows the 
powder to have good flow out behavior on heating to result in smooth coatings. Sufficient outgassing of substrate 
volatiles simultaneously occurs during the flow out step to eliminate surface defects, such as blisters and pin holes. 
The reduced temperature cure of these powders also helps eliminate outgassing, especially in porous metal substrates, 

40 such as cast aluminum and zinc, and also in heat sensitive substrates, such as wood and plastic. 

[0094] While the powder coatings are molten, the films are exposed to a UV light source, such as medium pressure 
mercury vapor tamps or gallium lamps, for example, Fusion H-, D-and/or V-lamps, to activate the ultraviolet component 
of the cure and to rapidly cure the films into smooth hardened finishes. Electron beam radiation can be used as well. 
[0095] Upon exposure to UV radiation, the molten films are rapidly hardened between 1 millisecond and 1 0 seconds, 

*s and, preferably, less than 3 seconds. The hardened dry film finishes formed on the substrate preferably have a thickness 
of between 12.7 and 635 jim (0.5 to 25 mils) and, more preferably, between 25.4 and 254 u.m (1 to 10 mils). UV 
hardened thicker films, e.g., more than 50.8 urn (2 mils), can be formed with a single coat which has not heretofore 
been possible. 

[0096] Thick films and pigmented films can be essentially fully cured as well as thin and clear films using the powder 
so coatings of this invention, resulting from the presence of a thermal initiator in the coating. 

[0097] Despite the presence of the thermal initiator, the hardened film finishes produced from the powder coatings 
of this invention surprisingly have substantially the same exceptional smoothness as that of standard UV curable pow- 
der coatings. The powder coating film finish gives off the appearance of being a plastic coating or laminate. 
[0098] The surprising finding is that the thermal initiator, such as a peroxide, improves through cure and adhesion 
55 to the substrate without impairing the flow out behavior and without detracting from the smoothness and desired gloss- 
iness of the cured film. 

[0099] The powder coatings of the present invention are found to be particularly useful when applied to heat sensitive 
substrates, such as wood, wood composites, and plastic, due to the low temperature and rapid cure aspects of these 
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coatings. Using the aforesaid heating and UV curing techniques, it is possible to limit the thermal load on the substrate 
to acceptable levels for heat sensitive substrates, so as not to cause embrittlement, loss of integrity, deformation, and 
other damage to the physical and/or chemical properties of the heat sensitive substrates. 

[0100] However, it should be understood that the invention is not limited to heat sensitive substrates, and the powder 
5 coatings of this invention can form the same smooth hardened film finishes on heat resistant substrates, such as metal, 
as well. Exemplary substrates that can be coated with the powder coatings of this invention are listed hereinbelow. 

Heat Sensitive Substrates 

10 [0101] Examples of suitable heat sensitive substrates useful herein, include wood, such as hardwood, hard board, 
laminated bamboo, wood composites, such as particle board, electrically conductive particle board, fiber board, medium 
density fiber board, masonite board, laminated bamboo, and other substrates that contain a significant amount of wood. 
Any of these wood based substrates may be filled or primed with materials, such as UV liquids, powder primers, or 
solvent or waterborne coatings to improve smoothness and reduce film builds. The wood substrates are typically used 

is in kitchen cabinetry, shelving and storage units, home and business furniture, computer furniture, etc. 

[0102] Other heat sensitive substrates are plastics, such as ABS, PPO, SMC, polyolefins, acrylics, nylons and other 
copolymers which usually will warp or outgas when coated and heated with traditional heat curable powders. The 
plastics are typically used in automotive parts. Still other heat sensitive substrates include paper, cardboard, and com- 
posites and components with a heat sensitive aspect. 

20 

Heat Resistant Substrates 

[0103] Examples of suitable heat resistant substrates, include metal, such as steel and other alloys, which are typ- 
ically used for building panels, rebars, pipelines, cold coil springs, and steel strapping. Other heat resistant substrates, 
25 include glass, ceramic for ceramic tiles, carbon and graphite. 

[01 04] The invention will be further clarified by a consideration of the following specific examples which are intended 
to be purely exemplary of the invention. 

Example 1 

30 

Preparation of Pigmented Polyester/Vinyl Ether Powder Coating With Dual Thermal and UV Cure 

[0105] The ingredients listed below in Table 1 A were compounded as described to form a pigmented powder coating 
of this invention having a dual cure, thermal and UV, aspect. 

35 

Comparative Example 1 

Preparation of Pigmented Polyester/Vinyl Ether Powder Coating With UV Cure Only 

40 [0106] The ingredients listed below in Table 1 A were compounded as described to form a pigmented powder coating 
having a UV cure aspect only. 



Table 1 A 



Ingredients 


Phr 


Example 1 


Comp. Ex. 1 


DRY BLEND UNTIL HOMOGENEOUS 


XP 3125 Unsaturated Polyester 1 


80 


80 


ZW 3307 Vinyl Ether* 


20 


20 


Lucerin TPO Photoinitiator 3 


2 


2 



1 XP 3 1 25 Unsaturated Polyester is a solid, acid-fu rational, semlcrystalline polyester resin that is believed to be derived from fu marie acid, terephthaJic 
add, and 1 ,6-hexanediol, and that is commercially available from DSM Resins. 

2 ZW3307 Vinyl Ether is a solid, divinyl ether f unctionalized urethane crosslinker resin that is believed to be derived from derived from hexamethytene 
diisocyante and 4-hydroxybutyl vinyl ether, and that is commercially available from DSM Resins. 

3 Lucerin TPO Photoinitiator is a 2,4,6-Wmethyloenzoyldiphenyl phosphine oxide that is commercially available from BASF 
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Table 1A (continued) 



Ingredients 


Phr 


Example 1 


Comp. Ex. 1 


Irgacure 184 Photoinltiator 4 


1 


1 


Reslf low P67 Acrylic Flow Aid 5 


1.6 


1.5 


Lupersol 230XL Peroxide 6 


2 


0 


TiPure R-902 Titanium Dioxide 7 


25 


25 


Total 


131.5 


129.5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



CHARGE TO EXTRUDER AND EXTRUDE TO SHEETS 



MELT TEMPERATURE = 200°F (43°C) 



AIR COOL AND BREAK INTO CHIPS 



CHARGE TO MILL AND GRIND TO POWDER AT HIGH SPEED 



SCREEN TO -140 MESH (105u/n) 



4 lrgacure 184 Photoinitiator is an aryl ketone, 1 -hydroxycyclohexyl phenyl ketone, that is commercially available from Ctoa Additives. 
5 Reslflow P67 Acryflc Flow Aid b a poryacrylate. which is a 2-propenoic add ethyl ester polymer that is commercially available from Estron Chemical. 
6 Lupersol 230XL Peroxide is a peroxy ketal, 1 .Ibis^-buty^eroxyja.a.S-trimethylcyclohexane on an inert filler at 40% active ingredient that is com- 
mercially available from Elf Atochem. 

7 TiPure R-902 is a white titanium dioxide pigment that is commercially available from Du Pont. 
Results 

[0107] The powder coating compositions listed in Table 1 A were electrostatically sprayed with a tribo gun to 76.2 to 
152.4 jim (3 to 6 mils) on respective 12.7 mm (&") particle boards. The boards were heated with quartz IR lamps for 
about 30 sec. to 121°C (250° F) in order to form a molten film. Next, the boards were immediately conveyed through 
a UV source and cured by exposure to UV radiation, first with a V-lamp and then with a H-lamp, at about 9.14 m/min 
(30 ft./min). for about one second. The cured powder coatings were then subjected to performance tests with the test 
results listed below in Table 1 B. 

Table 1B 



Test 


Result 


Example 1 


Comp. Ex. 1 


Cross Hatch Adhesion 


3B/4B 


0B/1B 


Appearance 


Moderate Orange Peel 


Moderate Orange Peel 


Outgassing 


None 


Slight 


Solvent Resistance (50 Double Rubs) 


No Effect 


No Effect 


Pencil Hardness Mar 


3H 


F 



Example 2 

Preparation of Pigmented Polyester/Allyl Ester Powder Coating With Dual Thermal and UV Cure 

[01 08] The ingredients listed below in Table 2A were compounded as described to form a pigmented powder coating 
of this invention having a dual cure, thermal and UV, aspect. 

Comparative Example 2 

Preparation of Pigmented Polyester/Allyl Ester Powder Coating With Peroxide Cure Only 

[01 09] The ingredients listed below in Table 2A were compounded as described to form a pigmented powder coating 
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having a thermal peroxide cure aspect only. 

Table 2A 



Ingredients 


Phr 


Example 2 


Comp. Ex. 2 


DRY BLEND UNTIL HOMOGENEOUS \ 


Pioester275 Unsaturatad Polyester 1 


80 


80 


Iso Diallyl Phthalate 2 


20 


20 


Resiflow P67 Acrylic Flow Aid 


1.5 


1.5 


Benzoin 3 


0.8 


0.8 


Lupersol231 Peroxide 4 


3 


3 


Benzyl Dimethyl Ketal Photoinitistor 5 


2 


0 


TiPure R-902 Titanium Dioxide 


20 


20 


Total 


127.3 


125.3 


CHARGE TO EXTRUDER AND EXTRUDE TO SHEETS 


MELT TEMPERATURE = 180°F (82 °C) 


AIR COOL AND BREAK INTO CHIPS I 


CHARGE TO MILL AND GRIND TO POWDER AT HIGH SPEED 


SCREEN TO -140 MESH (lOSpm) 



•Pioester 275 Unsaturated Polyester Is a solid, add-functional, semicrystalllne unsaturated polyester resin that is derived from malelc anhydride 
with 7% unsatu ration and an acid number of 35, and that is commercially available from Pioneer Plastics. 
2 lSO Diallyl Phthalate is an altyi ester functional crosslinking agent that is commercially available from GCA Chemical 
3 Benzoin is a degasssing and anti-cratering agent that is commercially available from Estron Chemicals. 

4 Lupersol 231 Peroxide is a peroxy ketal, l.l-bba-butylperoxyJS.S.S-trimethyteyclohexane, that is commercially available from Elf Atochem. 
5 Benzyl KetaJ Dimethyl Ketal Photoinitiator is a benzyl ketal UV initiator that is commercially available from Ciba Additives. 

Results 

[0110] The powder coating compositions listed in Table 2 A were electrostatically sprayed with a tribo gun on respec- 
tive 12.7 mm medium density fiber boards preheated using infrared lamps to 93 to 121°C (200°F to 250°F). The 
boards were post heated with quartz IR lamps for up to 2 minutes at about 149°C (300°F) for the peroxide sample only 
in order to melt and cure the powder and for about 30 sec. at about 149°C (300° F) for the dual cure sample in order 
to initiate thermal cure and form a molten film. After flow out, the dual cure sample was immediately cured by exposure 
to UV radiation, first with a V-lamp and then with a H-lamp, at 9-14 m/min (30 ft7min.) for about one second. The cured 
powder coatings were subjected to performance tests with the test results listed below in Table 2B. 



Table 2B 



Test 


- 

Result 


Example 2 


Comp. Ex. 2 


Cross Hatch Adhesion 


5B 


5B 


Appearance 


Moderate Orange Peel 


Moderate Orange Peel I 


MEK Resistance (50 Double Rubs) 


5 No Effect 


3 Moderate Rub Off 


Pencil Hardness Mar 


H 


H 



14 



10 



15 



20 



25 



30 



35 
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Example 3 

Preparation of Pigmented Acrylated Epoxy Powder Coating With Dual Thermal and UV Cure 

[01 1 1 ] The ingredients listed below in Table 3A were compounded as described to form a pigmented powder coating 
of this invention having a dual cure, thermal and UV, aspect. 

Comparative Example 3 

Preparation of Pigmented Acrylated Epoxy Powder Coating With Peroxide Cure Only 

[01 1 2] The ingredients listed below in Table 3A were compounded as described to form a pigmented powder coating 
having a thermal peroxide cure aspect only. 

Table 3A 



Ingredients. 


Phr 


Example 3 


Comp. Ex. 3 


DRY BLEND UNTIL HOMOGENEOUS 


Pro 1723 Unsaturated Polyacrylate 1 


100 


100 


Lupersol 231 XL Peroxide 


5.0 


5.0 


TlPure R-960 Titanium Dioxide 


20 


20 


Resiflow P67 Acrylic Flow Aid 


1.4 


1.4 


Benzoin 


0.8 


0.8 


Benzyl Dimethyl Ketal Photoinitiator 


2.0 


0 


Total 


129.2 


127.2 


CHARGE TO EXTRUDER AND EXTRUDE TO SHEETS 


MELT TEMPERATURE = 180°F (82°C) 



AIR COOL AND BREAK INTO CHIPS 



CHARGE TO MILL AND GRIND TO POWDER AT HIGH SPEED 



SCREEN TO -140 MESH (105ujti) 

1 Pro 1723 Polyacrtyate Is a solid epoxy acrylate resin that Is available from Sartomer Company. 



40 Results 



45 



50 
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[0113] The powder coating compositions listed in Table 3 A were electrostatically sprayed with a tribo gun on respec- 
tive 12-7 mm 04") medium density fiber boards preheated using infrared lamps to 93 to 121°C (200° F to 250°F). The 
coated boards were post heated with quartz IR lamps for up to 2 minutes at about 149°C (300°F) for the peroxide 
sample only in order to melt and cure the powder and for about 30 sec. at about 1 49°C (300°F) for the dual cure sample 
in order to initiate thermal cure and form a molten film. After flow out, the dual cure sample was then cured immediately 
by exposure to U V radiation, first with a V-lamp and then with a H-lamp at 9-1 4m/min (30 ftVmin). for about one second. 
The cured powder coatings were subjected to performance tests with the test results listed below in Table 3B. 

Table 3B 



Test 


Result 


Example 3 


Comp. Ex. 3 


Cross Hatch Adhesion 


4B 


3B 


Appearance 


Slight Orange Peel 


Slight Orange Peel 


MEK Resistance (50 Double Rubs) 


5 


2 



15 
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Table 3B (continued) 



Test 


Result 


Example 3 


Comp. Ex. 3 




No Effect 


Heavy Rub Off 


Pencil Hardness Mar 


H 


B 



Example 4 

10 

Preparation of Solid Vinyl Ether Fu nationalized Urethane Crosslinker 

[0114] 222 grams (2.0 eq.) of isophorone diisocyanate was weighed in a 0.5 liter kettle, fitted with a stirrer and 
nitrogen sparge. Heating and stirring was started with nitrogen flow of 30 ml/min in the presence of dibutyltin dilaurate 
is catalyst. When the temperature reached 75°C, 52 grams of neopentyl glycol (1 .0 eq.) was added over several hours. 
The exotherm was kept below 1 00°C. The adduct has a free isocyanate content of 15.6% (1 5.3% theoretical). At this 
point, 1 1 6 grams (1 .0 eq.) of hydroxybutyl vinyl ether was added taken care not to let the isotherm exceed 1 00°C. After 
the addition was complete, the mixture was stirred until the free isocyanate content was below 0.3%. The non-crystal- 
lizing, amorphous solid reaction product was then discharged, cooled, and ground into powder. 

20 

Example 5 



Preparation of Solid Vinyl Ether Functionalized Urethane Crosslinker 

25 [0115] 116 grams (1 .0 eq.) of hydroxybutyl vinyl ether was charged in a 0.5 liter reaction kettle, fitted with a stirrer 
and nitrogen sparge. 1 1 6 grams (1 .0 eq.) of isophorone diisocyanate trimer was added slowly to the kettle with gentle 
stirring. After addition, stirring was continued with moderate heat applied (maximum temperature not to exceed 60°C) 
until all of the isophorone diisocyanate trimer had dissolved. The temperature was then raised slowly to 100°C and 
the reaction mixture was allowed to react for 2-3 hours. At this point, the temperature was lowered to 70-75°C and tin 

30 catalyst was added. Care was taken to control the exotherm below 1 1 0°C. Mixing was continued until the free % NCO 
was below 0.5%. Finally the non-crystallizing; amorphous solid reaction product was discharged, cooled, ground, and 
then packaged. 

Example 6 

35 

Preparation of Pigmented Polyester/Vinyl Ether Powder Coating With Dual Thermal and UV Cure 



[01 16] The ingredients listed below in Table 6 A were compounded as described to form a pigmented powder coating 
of this invention having a dual cure, thermal and UV, aspect. 

40 

Table 6A 



Ingredients 


Phr 


Example 6 


DRY BLEND UNTIL HOMOGENEOUS 


XP 3126 Unsaturated Polyester 


80 


Vinyl Ether Crosslinker (Example 4) 


20 


Lucerin TPO Photoinitiator 


2.0 


Irgacure 184 Photoinitiator 


1.0 


Lupersol 231 XL Peroxide 


2.0 


Resiflow P-67 Acrylic Row Aid 


2.0 


TiPure R-902 Titanium Dioxide 


25 


CHARGE TO EXTRUDER AND EXTRUDE 
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Table 6A (continued) 



Ingredients 



Phr 



Example 6 



10 



MELT TEMPERATURE = 180°F (82°C) 
AIR COOL AND BREAK INTO CHIPS 
CHARGE TO MILL AND GRIND TO POWDER 
SCREEN TO -140 MESH (105*im) 



Results 



[01 17] The powder coating listed in Table 6A was electrostatically sprayed with a tribo gun on a 1 27mm p&") medium 
density fiber board preheated using infrared lamps to 93 to 121 °C (200° F to 250° F). The coated board was post heated 
with quartz IR lamps at about 204°C (400° F) for about 40 seconds In order to form a molten film. The molten coating 
was then cured Immediately by exposure to UV radiation, first with a V-lamp and then with a H-lamp at 6-1 m/min (20 
ftVmin). for about one second. The cured powder coating was subjected to performance tests with the test results listed 
below in Table 6B. Due to the polymeric nature of the vinyl ether urethane crosslinkers, this powder coating had better 
flexibility which resulted in improved adhesion to the substrate after curing. 



Table 6B 



Tests 


Properties 


MEK Rubs (50 Double Rubs) 


No Effect 


Cross Hatch Adhesion 




Pencil Hardness Mar 


HB 


Gloss, 20°/60° 


38/86 



Example 7 

Preparation of Pigmented Crystalline Polyester/Vinyl Ether Powder Coating With Dual Thermal and UV Cure 



[01 18] The ingredients listed below in Table 7A were compounded as described to form a pigmented powder coating 
of this invention having a dual cure, thermal and UV, aspect. 

Table 7A 



Ingredients 


Phr 


Example 7 


DRY BLEND UNTIL HOMOGENEOUS 


Pioester313 Unsaturated Polyester 1 


80 


ZW-3307P Vinyl Ether Crosslinker 2 


20 j 


Lucerin TPO Photoinitiator 


2.0 


Irgacure 184 Photoinitiator 


1.5 


Lupersol 231 XL Peroxide Initiator 


2.0 


Res if low P-67 Acrylic Flow Aid 


1.4 


TtPure R-902 Trtanium Dioxide 


25 



1 Pioester 31 3 Unsaturated Polyester is a solid crystalline unsaturated polyester resin that is believed to be derived from ethylene glycol and fumaric 
acid, and that is commerctaOy available from Pioneer Plastics. 

2 ZW>3307P Vinyl Ether Crosslinker is a solid crystalline vinyl ether fu nationalized urethane crosslinker that is derived from 4-hydroxybutyl vinyl ether 
and 1 ,6-hexamethytene diisocyanate, and that is commercially available from DSM Resins. 
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Table 7A (continued) 



Ingredients 



Phr 



Example 7 



CHARGE TO EXTRUDER AND 



EXTRUDE WITH SUPERCRITICAL C0 2 



MELT TEMPERATURE = 180°F (82°C) 



10 



AIR COOL AND BREAK INTO CHIPS 



CHARGE TO MILL AND GRIND TO POWDER 



SCREEN TO -140 MESH (105ujti) 



15 Results 



20 



[0119] The powder coating listed in Table 7A was electrostatically sprayed with a tribo gun on a steel panel and 
heated with quartz IR lamps at about 204°C (400° F) for about 50 seconds in order to flow out the powder into a molten 
film. With crystalline materials, flow out tends to be better which promotes smoother coatings. After flow out, the panels 
were immediately passed under a 600 watt V/H UV lamp at 6.1 m/min (20 ft/min) for about one second to complete 
the cure. The cured powder coating was then subjected to performance tests with the test results listed below in Table 
7B. 



Table 7B 



25 



30 



35 



Tests 


Properties 


MEK Rubs (50 Double Rubs) 


No Effect 


Cross Hatch Adhesion 


1B 


Pencil Hardness, Mar 


5H 


Taber Abrasion, Loss (mgs.l 


23.9 


Appearance 


Moderate Orange Peel 


Gloss, 20°/60° 


55/85 



Claims 

1 . A dual thermal and ultraviolet curable powder coating composition which is a composition in solid particulate form 
40 that comprises a melt blend of: 



45 



50 



a) an unsaturated film-forming base resin; 

b) optionally a second ethylenically unsaturated resin co-polymerizable with said base resin; 

c) a photoinitiator selected from benzoin ethers, benzyl ketals, 2-hydroxy-2-methyl-1-phenylpropan-1-one, 
4-(2*hydroxyethoxy) phenyl-2-hydroxy-2-propyl ketone, acyl phosphines, aryl ketones, perfluorinated diphenyl 
titanocene, 2-methyM -[4-(methylthiophenyl)-2 -(4-morpholinyl)] -1 -propanone, hydrogen abstraction free rad- 
ical type initiators, cationic photoinitiators, a-sulfonyloxy ketone and silyl benzyl ethers, in an amount of 0.1 
to 1 0 phr and sufficient to effect free-radical induced curing of the composition through the unsaturated groups 
using UV radiation after melting and flowing of the composition into a substantially continuous coating film, and 

d) a thermal initiator in an amount of 0.1 to 10 phr sufficient to thermally assist free-radical induced curing of 
the composition without significant pre-gelling thereof during melt-blending, such that said composition is flow- 
able at temperatures of 71 to 121°C (160 to 250°F) and is curable, both on the surface and through, into a 
hardened coating film when exposed to sufficient thermal and then UV radiation. 



55 2. A composition according to claim 1 wherein said unsaturated resin (a) is selected from unsaturated polyesters, 
unsaturated polyacrylates, unsaturated polymethacrylates, and mixtures thereof. 



3. A composition according to claim 2 in which said unsaturated resin is an unsaturated polyester resin derived from 
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maleic or fumaric acid, or anhydrides thereof. 

4. A composition according to claim 2 or claim 3 in which said unsaturated resin is a non-crystalline, semicrystalline, 
or crystalline solid. 

5. A composition according to any preceding claim in which said second co-polyermizable resin (b) has a functional 
group selected from vinyl ether, acrylate, methacrylate, and allyl ester groups, and mixtures thereof. 

6. A composition according to claim 5 in which said second co-polyermizable resin is a vinyl ether functionalized 
urethane prepolymer. 

7. A composition according to claim 6 in which said second co-polyermizable resin is a non-crystalline solid derived 
from isophorone diisocyanate, neopentyl glycol, and 4-hydroxybutyl vinyl ether. 

8. A composition according to claim 6 in which said second co-polyermizable resin is a non-crystalline solid derived 
from isophorone diisocyanate trimer and 4-hydroxybutyl vinyl ether. 

9. A composition according to any preceding claim which further comprises: 

e) an opacifier selected from pigments, fillers, and mixtures thereof. 

10. A composition according to any preceding claim which further comprises: 

f) a catalyst. 

11. A composition according to claim 10 wherein the catalyst (f) is a metal compound based on a fatty acid or oil. 

12. A composition according to claim 11 wherein the catalyst (f) is a cobalt compound selected from cobalt octoate, 
cobalt neodecanoate, cobalt naphthenate and cobalt octadecanoate. 

13. A composition according to any preceding claim in which said thermal initiator is selected from peroxide and azo 
compounds. 

14. A composition according to any preceding claim in which the thermal initiator is a peroxy ketal. 

15. A composition according to any preceding claim in which said photo initiator is selected from benzyl ketals, aryl 
ketones, acyl phosphines and mixtures thereof. 

16. A composition according to any preceding claim wherein the amount of said photoinitiator (c) is from 1 to 5 phr. 

17. A method of producing a fully cured film of a radiation curable powder coating on a substrate, which comprises: 

a) electrostatically applying a radiation curable powder coating composition over a substrate, said composition 
being in solid particulate form that comprises a blend of: 

i) an unsaturated film-forming base resin; 

ii) optionally a second ethylenically unsaturated resin co-polyermizable with said base resin; 

iii) a photoinitiator selected from benzoin ethers, benzyl ketals, 2-hydroxy-2-methyl-1-phenylpropan- 
1-one, 4-(2-hydroxyethoxy) phenyl-2-hydroxy-2-propyl ketone, acyl phosphines, aryl ketones, perfluori- 
nated diphenyl titanocene, 2-methyl-1-[4-(methylthiophenyl)-2-(4-morpholinyl)]-1-propanone l hydrogen 
abstraction free radical type initiators, cationic photoinitiators, cc-sulfonyloxy ketone and silyl benzyl ethers, 
in an amount of 0.1 to 1 0 phr, sufficient to effect free-radical induced curing of said composition through 
the unsaturated groups using UV radiation after melting and flowing of the composition into a substantially 
continuous coating film; 

iv) a thermal initiator in an amount of 0.1 to 1 0 phr, sufficient to thermally assist free-radical induced curing 
of the composition without significant pre-gelling thereof during melt-blending, such that said composition 
has a flow temperature of 71 to 121°C (160 to 250°F) and 

v) optional opacifier selected from pigments and fillers; 
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b) applying sufficient heat to said powder coating to melt and flow out said coating into a smooth molten film 
and activate the thermal component of the cure; and 

c) applying sufficient ultraviolet radiation to said molten film to activate the ultraviolet component of the cure 
and form a fully cured, both on the surface and through, hardened film finish. 

18. A method according to claim 1 7 in which said substrate is a heat sensitive substrate. 

19. A method according to claim 1 8 in which said heat sensitive substrate is selected from wood and plastic materials. 

20. A substrate having a powder coating composition according to any of claims 1 to 16 coated and cured thereon. 

21 . A coated substrate according to claim 20 in which said substrate is a heat sensitive substrate. 

22. A coated substrate according to claim 21 in which said heat sensitive substrate is selected from wood and plastic 
materials. 



Patentansprilche 

20 1. Sowohl thermisch als auch durch Ultraviolett hartbare Pulverbeschichtungszusammensetzung, welche eine Zu- 
sammensetzung in fester feinteiliger Form ist, die ein Schmelzgemisch 

a) eines ungesattigten filmbildenden Basisharzes, 

25 b) gegebenenfalls eines mit diesem Basisharz copolymerisierbaren zweiten ethylenisch ungesattigten Harzes, 

c) eines Fotoinitiators, der unter Benzoinethem, Benzylketalen, 2-Hydroxy-2-methyl-1-phenylpropan-1-on, 
4-(2-Hydroxyethoxy)-phenyl-2-hydroxy-2-propylketon, Acylphosphinen, Arylketonen, perfluoriertem Diphe- 
nyltitanocen, 2-Methyl-1-{4-(methylthiophenyl)-2-(4-morpholinyl]-1-propanon, Initiatoren vom freien Radikal- 
typ unter Wasserstoffentziehung, kationischen Fotoinitiatoren, a-Sulfonyloxyketon und Silylbenzylethem aus- 
gewahlt ist, in einer Menge von 0,1 bis 10 phr und ausreichend, urn eine durch freie Radikale eingeleitete 
Hartung der Zusammensetzung durch die ungesattigten Gruppen unter Verwendung von UV-Strahlung nach 
dem Schmelzen und FlieBen der Zusammensetzung zu einem im wesentlichen zusammenhangenden Be- 
schichtungsfilm zu bewirlcen, und 

d) eines thermischen Initiators in einer Menge von 0, 1 bis 1 0 phr und ausreichend, urn eine durch freie Radikale 
eingeleitete Hartung der Zusammensetzung ohne signifikante Vorgelierung derselben wahrend des Vermi- 
schens in der Schmelze thermisch zu unterstiitzen, so daB die Zusammensetzung bei Temperaturen von 71 
bis 121 °C (160 bis 250°F) flieBfahig ist und hartbar ist, beides auf der Oberflache und insgesamt zu einem 
geharteten Oberzugsfilm, wenn man ausreichend Warmestrahlung und dann UV-Strahlung aussetzt 

2. Zusammensetzung nach Anspruch 1, in der das ungesattigte Harz (a) unter ungesattigten Polyestem, ungesat- 
tigten Polyacrylaten, ungesattigten Polymethacrylaten und Gemischen hiervon ausgewahlt ist. 

<5 3. Zusammensetzung nach Anspruch 2, in welcher das ungesattigte Harz ein ungesattigtes Polyesterharz ist, das 
sich von Maleinsaure Oder Fumarsaure Oder Anhydriden hiervon herleitet. 

4. Zusammensetzung nach Anspruch 2 oder Anspruch 3, in welcher das ungesattigte Harz ein nicht-kristalliner, halb- 
kristalliner oder kristalliner Feststoff ist. 

50 

5. Zusammensetzung nach einem der vorausgehenden Anspruche, in welcher das zweite kopolymerisierbare Harz 
(b) eine funktionelle Gruppe besitzt, die unter Vinylether-, Acrylat-, Methacrylat- und Allylestergruppen sowie Ge- 
mischen hiervon ausgewahlt ist. 

55 6. Zusammensetzung nach Anspruch 5, in welcher das zweite copolymerisierbare Harz ein mit Vinylether funktiona- 
lisiertes Urethanvorpolymer ist. 

7. Zusammensetzung nach Anspruch 6, in welcher das zweite copolymerisierbare Harz ein nicht-kristalliner Feststoff 
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ist, der sich von Isophorondiisocyanat, Neopentylglycol und 4-Hydroxybutylvinyl ether herleitet. 

8. Zusammensetzung nach Anspruch 6, in welcher das zweite copolymerisierbare Harz ein nichtrkristalliner Feststoff 
ist, der sich von Isophorondiisocyanattrimer und 4-Hydroxybutylvinylether herleitet. 

9. Zusammensetzung nach einem der vorausgehenden Anspruche, welche weiterhin 

e) ein Trubungsmittel umfaBt, das unter Pigmenten, Fullstoffen und Gemischen hiervon ausgewahlt ist. 

10. Zusammensetzung nach einem der vorausgehenden Anspruche, welche weiterhin 

f) einen Katalysator umfaBt. 

11. Zusammensetzung nach Anspruch 10, worin der Katalysator (0 eine Metaltverbindung auf der Basis einer Fett- 
saure oder eines Ols ist. 

12. Zusammensetzung nach Anspruch 11, in welcher der Katalysator (f) eine Kobaltverbindung ist, die unter Kobal- 
toctoat, Kobaltneodecanoat, Kobaitnaphthenat und Kobaltoctadecanoat ausgewahlt ist. 

13. Zusammensetzung nach einem der vorausgehenden Anspruche, in welcher der thermische Initiator unter Peroxid- 
und Azoverbindungen ausgewahlt ist. 

14. Zusammensetzung nach einem der vorausgehenden Anspruche, in welcher der thermische Initiator ein Peroxy- 
ketal ist. 

15. Zusammensetzung nach einem der vorausgehenden Anspruche, in welcher der Fotoinitiator unter Benzylketalen, 
Arylketonen, Acylphosphinen und Gemischen hiervon ausgewahlt ist. 

16. Zusammensetzung nach einem der vorausgehenden Anspruche, worin die Menge des Fotoinitiators (c) 1 bis 5 
phr betragt. 

17. Verfahren zur Herstellung eines vollstandig geharteten Films einer mit Strahlung hartbaren Pulverbeschichtung 
auf einem Substrat, bei dem man 

a) elektrostatisch eine durch Strahlung hartbare Pulverbeschichtungszusammensetzung auf einem Substrat 
aufbringt, wobei diese Zusammensetzung in der Form fester feiner Teilchen vorliegt und ein Gemisch 

i) eines ungesattigten filmbildenden Basisharzes, 

ii) gegebenenfalls eines zweiten ethylenisch ungesattigten, mit dem Basisharz copolymerisierbaren Har- 
zes, 

iii) eines Fotoinitiators, der unter Benzoinethem, Benzylketalen, 2-Hydroxy-2-methyl-1-phenylpropan- 
1 -on, 4-(2-Hydroxyethoxy)-phenyl-2-hydroxy-2-propylketon, Acylphosphinen, Arylketonen, perfluoriertem 
Diphenyltitanocen, 2-Methyl-1-[4-(methylthiophenyl)-2-(4-morpholinyl)]-1-propanon, Initiatoren vom frei- 
en Radikaltyp unter Wasserstoffentziehung, kationischen Fotoinitiatoren, a-Sulfonyloxyketon und Silyl- 
benzylethern ausgewahlt ist, in einer Menge von 0,1 bis 10 phr und ausreichend, urn eine durch freie 
Radikale eingeleitete Hartung der Zusammensetzung uber die ungesattigten Gruppen unter Verwendung 
von UV-Strahlung nach dem Schmelzen und FlieBen der Zusammensetzung zu einem im wesentlichen 
kontinuierlichen Beschichtungsfilm zu bewirken, 

iv) eines thermischen Initiators in einer Menge von 0,1 bis 10 phr und ausreichend, urn durch freie Radikale 
eingeleitete Hartung der Zusammensetzung ohne signifikantes Vorgelieren derselben wahrend des Ver- 
mischens in der Schmelze thermisch zu unterstutzen, so daB die Zusammensetzung eine FlieBtemperatur 
von 71 bis 121°C (160 bis 250°F) hat, und 

v) gegebenenfalls eines Triibungsmittels, das unter Pigmenten und Fullstoffen ausgewahlt ist, 
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b) geniigend Warme der Pulverbeschichtung zufuhrt, urn die Beschichtung zu einem glatten geschmolzenen 
Film zu schmelzen und flieBen zu lassen und den FluB der Beschichtung zu einem glatten geschmolzenen 
Film und zur Aktivierung der themnischen Komponente der Hartung zu aktivieren, und 

c) genugend Ultraviolettstrahlung auf den geschmolzenen Film aufstrahlt, urn die Ultraviolett komponente der 
Hartung zu aktivieren und einen vollstandig geharteten Film, beides auf der Oberflache und insgesamt, zu 
bilden. 

18. Verfahren nach Anspruch 17, in welchem das Substrat ein warmeempfindliches Substrat ist. 

19. Verfahren nach Anspruch 18, in welchem das warmeempfindliche Substrat unter Holz und Kunststoffmaterialien 
ausgewahtt wird. 

20. Substrat mit einer Pulverbeschichtungszusammensetzung nach einem der Anspruche 1 bis 16, als Beschichtung 
darauf aufgebracht und gehartet. 

21. Beschichtetes Substrat nach Anspruch 20, in welchem das Substrat ein hrtzeempfindliches Substrat ist. 

22. Beschichtetes Substrat nach Anspruch 21, in welchem das warmeempfindliche Substrat unter Holz und Kunst- 
stoffmaterialien ausgewahlt ist. 



Revendications 

1 . Composition de revetement en poudre durcissable a la f ois thermiquement et par les ultraviolets qui est une com- 
position sous forme particulaire solide, qui comprend un melange a I'etat fondu de: 

a) une resine de base filmogene insaturee; 

b) eventuellement une seconde resine ethyleniquement insaturee copolymerisable avec ladite resine de base; 

c) un photoinitiateur choisi parmi les ethers de benzoine, les cetals de benzyle, la 2-hydroxy-2-methyl-1 -phe- 
nylpropan-1-one, la4-(2-hydroxyethoxy)phenyl-2-hydroxy-2-propylcetone, lesphosphines d'acyle, les arylce- 
tones, le diphenyltitanocene perfluore, la 2-methyl-1-[4-(methylthiophenyl)-2-(4-morpholinyl)]-1-propanone, 
les initiateurs du type radicaux libres par arrachement d'hydrogene, les photoinitiateurs cationiques, I'a-sul- 
fonyloxycetone et les ethers de benzyle et de silyle, en une quantite comprise entre 0,1 et 10 phr et suffisante 
pour effectuer le durcissement de la composition induit par les radicaux libres par Pintermediaire des groupes 
insatures en utilisant un rayonnement UV apres fusion et etalement de la composition en un film de revetement 
pratiquement continu et 

d) un initiateur thermique en une quantit6 comprise entre 0, 1 et 1 0 phr suffisante pour faciliter thermiquement 
le durcissement de la composition induit par les radicaux libres sans entraTner d'une maniere significative sa 
pregelification au cours du melange a I'etat fondu, de maniere a ce que ladite composition soit apte a s'ecouler 
a des temperatures de 71 a 121°C (160 a 250°F) et soit durcissable, a la fois a la surface et en profondeur, 
en un film de revetement durci lorsqu'il est expose a un rayonnement suffisant thermique et ensuite UV. 

2. Composition selon la revendication 1, dans laquelle ladite resine insaturee (a) est choisie parmi ies polyesters 
insatures, les polyacrylates insatures, les polymethacrylates insatures et leurs melanges. 

3. Composition selon la revendication 2, dans laquelle ladite resine insaturee est une resine polyester insaturee 
derivee de i'acide maleique ou de I'acide fumarique ou de leurs anhydrides. 

4. Composition selon la revendication 2 ou la revendication 3. dans laquelle ladite resine insaturee est un solide non 
cristallin, semi-cristallin ou cristallin. 

5. Composition selon I'une quelconque des revendications precedentes, dans laquelle ladite seconde resine copo- 
lymerisable (b) comporte un groupe fonctionnel choisi parmi un grpupe ether vinylique, acrylate, methacrylate et 
ester allyltque et leurs melanges. 

6. Composition selon la revendication 5, dans laquelle ladite seconde resine copolymerisable est un prepolymere 
d'urethane fonctionnalise par un ether vinylique. 



22 



EP 0 844 286 B1 



7. Composition selon ta revendication 6, dans laquelle ladite seconde resine copolymerisable est un solide non cris- 
tallin derive du diisocyanate d'isophorone, du ndopentylglycol et de Tether de vinyle et de 4-hydroxybutyle. 

8. Composition selon ta revendication 6, dans laquelle ladite seconde n§sine copolymerisable est un solide non cris- 
tallin derive d'un trimere du diisocyanate d'isophorone et de lather de vinyle et de 4-hydroxybutyle. 

9. Composition selon I'une quelconque des revendications precedentes, qui comprend en outre: 

e) un opacifiant choisi parmi les pigments, les charges et leurs melanges. 

10. Composition selon Tune quelconque des revendications precedentes, qui comprend en outre: 

f) un catalyseur. 

1 1 . Composition selon la revendication 1 0, dans laquelle le catalyseur (0 est un compose metallique a base d'un acide 
gras ou d'une huile. 

12. Composition selon la revendication 11 , dans laquelle le catalyseur (f) est un compost du cobalt choisi parmi I'oc- 
toate de cobalt, le neodecanoate de cobalt, le naphtenate de cobalt et I'octadecanoate de cobalt. 

13. Composition selon Tune quelconque des revendications precedentes, dans laquelle I'initiateurthermique est choisi 
parmi les peroxydes et les composes azoiques. 

14. Composition selon rune quelconque des revendications precedentes, dans laquelle I'initiateur thermique est un 
peroxycetal. 

15. Composition selon Tune quelconque des revendications precedentes, dans laquelle ledit photoinitiateur est choisi 
parmi les cetals de benzyle, les arylcetones, les phosphines d'acyle et leurs melanges. 

1 6. Composition selon I'une quelconque des revendications precedentes, dans laquelle la quantite dudit photoinitiateur 
(c) est comprise entre 1 et 5 phr. 

17. Precede pour produire, sur un substrat, un film totalement durci en un revetement en poudre durcissable par 
rayonnement, qui comprend: 

a) I'application electrostatique, sur un substrat, d'une composition de revetement en poudre durcissable par 
rayonnement, ladite composition etant sous la forme de particules solides, qui comprend un melange de: 

i) une resine de base filmogene insaturee; 

ii) eventuellement une seconde resine ethyleniquement insaturee copolymerisable avec ladite n§sine de 
base; 

iii) un photoinitiateur choisi parmi les 6thers de benzoTne, les c6tals de benzyle, la 2-hydroxy-2-methyl- 
1-phenylpropan-1-one, la 4-(2-hydroxyethoxy)ph§nyl-2-hydroxy-2-propylc6tone, les phosphines d'acyle, 
les arylcetones, le diph6nyltitanocene perfluore\ la 2-m6thyl-1-{4-(m6thylthioph6nyl)-2-(4-morpholinyl)]- 
1-proponone, les initiateurs du type radicaux libres par arrachement d'hydrogene, les photoinitiateurs 
cationiques, I'ct-sulfonyloxycetone et les ethers de benzyle et de silyle, en une quantite comprise entre 
0,1 et 10 phr suffisante pour effectuer le durcissement de ladite composition induit par les radicaux libres 
par I'intermediaire des groupes insatur6s en utilisant un rayonnement UV apres fusion et etalement de la 
composition en un film de revetement pratiquement continu; 

iv) un initiateur thermique en une quantite comprise entre 0, 1 et 1 0 phr suffisante pour faciliter thermique- 
ment le durcissement de la composition induit par les radicaux libres sans entrainer d'une maniere signi- 
ficative sa pregelification au cours du melange a I'etat fondu, de maniere a ce que ladite composition 
presente une temperature de fluidrte de 71 a 121°C (160 a 250° F) et 

v) un opacifiant eventuel choisi parmi les pigments et les charges; 

b) I'application d'une quantite de chaleur suffisante sur ledit revetement en poudre pour faire fondre et s'ecouler 
ledit revetement en un film fondu mou et activer le constituant thermique de I'agent de durcissement; et 

c) I'application d'un rayonnement ultraviolet suffisant sur ledit film fondu pour activer le constituant ultraviolet 



23 



EP 0 844 286 B1 

de Fagent de durcissement et former, a lafois a la surface et en en profondeur, un film definition durtotalement 
durci. 

18. Procede selon ta revendication 17, dans lequel ledit substrat est un substrat thermosensible. 

5 

19. Procede selon la revendication 1 8, dans lequel ledit substrat thermosensible est choisi parmi le bois et les matieres 
plastiques. 

20. Substrat sur lequel est deposee et durcie une composition de revetement en poudre selon I'une quelconque des 
io revendications 1 a 16. 

21. Substrat revetu selon la revendication 20, dans lequel ledit substrat est un substrat thermosensible. 

22. Substrat revetu selon la revendication 21 , dans lequel ledit substrat thermosensible est choisi parmi le bois et les 
is matieres plastiques. 
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